Random subsets of a modest-sized microbial collection have been examined for culture redundancy, initially by morphology, both to the naked eye and microscopically, of cultures grown on a variety of agar-based solid media. Subsequent analysis, by simple TLC, of the extractable metabolites produced by morphologically similar cultures grown in submerged shaken fermentation was carried out. Apparent duplicate cultures were further examined on Biolog SF-P MicroPlatesTM for differentiation. The results were subjected to a statistical analysis and the contribution of each stage in the process to resolving culture uniqueness was noted. A statistical extrapolation of the results, from the subsets of each culture type, to the total for that type within the entire collection, with 95% confidence limits, is presented. Morphological comparison, on four different agar media, gives a significant underestimation of the metabolic diversity of the collection. The weighted mean from the three types of cultures indicate that the expected content of the collection is approximately 93% unique strains.
A simple examination of the extent of possible culture duplication within the collection has been made and is reported here.
In order to limit this task, a small, but statistically significant, sample of each major taxonomic group within the collection was examined. The three groups chosen were: marine-derived fungi, marine-derived actinomycetes, and fungal plant endophytes, represented within the total collection by 3852, 2470 and 776 strains respectively.
Materials and Methods
Selection of cultures to be examined was made without bias by capitalizing on the history of assigning a sequential culture number to each culture as it was added to the collection. By selecting cultures at a set interval throughout the collection, it was assured that most expeditions would be represented in the selection and that the collection would be examined as stringently as possible. Each expedition resulted in a series of sequential culture numbers in the collection as acquisition of cultures from one was complete before the next expedition was undertaken. Redundancy was most likely to occur across expeditions as dereplication had already been carried out within each expedition. For marine-derived fungi every 75th culture was selected resulting in a sample of 51 cultures and for the marinederived actinomycetes, the interval was 50 and the sample size 49 cultures. In the case of the endophytes, there is no equivalent to expeditions and cultures isolated from different plant samples often overlapped in number sequence. Approximately every 17th endophytic culture was selected for a sample size of 50.
In the first phase, all cultures in a given group were grown on a single agar medium and compared on the basis of gross morphology. The media were: Difco potatodextrose agar made with sterile sea water for marinederived fungi, Difco potato-dextrose agar made with distilled water for endophytic fungi and ATCC Number 57) media made with sterile sea water for marine-derived actinomycetes.
In a second phase, those cultures, which were not clearly singular were regrown on three agar media and again compared morphologically. Actinomycetes were grown on organisms were inoculated into 250ml wide-mouthed Erlenmeyer flasks containing 40ml of auttttoclaved seed media10) and then allowed to grow on a shaker for three days whereupon 1ml was transferred to a similar flask of production media and grown for 6 days (actinomycetes) or 8 days (fungi). At harvest the whole broths were extracted with an equal volume of ethyl acetate, the organic layer was separated and dried and the residues obtained were digested in methanol (1ml) and spotted on Merck SiO2 TLC plates. The plates were developed with a mixture of dichloromethane (10vols), methanol (1vol) and acetic acid (0.01vols), dried and visualized under UV light. They were then sprayed with sulfuric acid (1.8N) in ethanol, heated with a hot air gun to dryness and further sprayed with a 1% solution of vanillin in ethanol and again heated with a hot air gun. The colors and Rfs of spots were noted.
In a fourth phase, cultures which were identical in their extractable metabolite patterns were examined for their comparative growth characteristics under a wide variety of nutritional conditions. These cultures were inoculated into all 96 wells of Biolog SF-P MicroPlatesTM and incubated at that were morphologically similar all gave different extracts by TLC. These results are summarized in Table 1 .
When the two cultures of the remaining undifferentiated pair of marine-derived actinomycetes were each allowed to grow on a Biolog SF-P MicroPlateTM and examined after 24 hours and 4 days, the growth patterns, colors and apparent cell density in identical address wells for the two plates were indistinguishable. A similar examination of all three of the apparently identical endophytic fungi also failed to produce any visible differences between these three cultures. The Biolog SF-P MicroPlatesTM thus added no new information as to the duplication, or lack of it, of cultures within these selected subsets, but supported conclusions already drawn. The first three phases of our analysis had each contributed significant incremental evidence of diversity and this is shown in Figure 1 .
An analysis of the frequency distribution of plates with similar morphologies and metabolic profiles revealed that sample uniqueness is not significantly different from a
Poisson distribution, as might reasonably be expected. The expected degree of culture uniqueness, which may be inferred across the entire collection, at each stage of the analyses, for each microbial type, and the 95% confidence limits on these is presented in Table 2 .
Of the 7% expected non-unique cultures in the collection, Poisson predictions are that 3% of these would fall into the doublet category. This means that the total collection can be expected to have at least another 3% different cultures for a total expected 96% different cultures, and implying that our collection and isolation techniques and paradigm had resulted in only an estimated 4% level of metabolic potential redundancy. There would theoretically be additional cultures, different from the uniques and doublets, among the higher multiplets, but as the expected frequency of higher multiplets is only approximately 1% of the collection, no attempt was made to calculate this.
Undoubtedly the analysis could be made more rigorous by a similar comparison of the entire library. However, such an analysis would almost certainly necessitate much more sophisticated analytical methods. Given the results obtained here, it seems reasonable to suggest that additional analytical methods are more likely to resolve doublets and multiplets down to metabolically unique cultures. Hence it seems reasonable to assume that any errors inherent in the study are more likely to be minor errors rather than major errors. (That is this study is more likely to have underestimated the overall diversity in Phytera's microbial collection, than have over-estimated it.) Table 2 . Expected number of unique cultures per taxonomic group (95% confidence limits).
